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V 

Outline 

•  Potassium  niobate  as  a  photorefractive 

•  Theory 

•  Off-axis-geometries - — 

•  Experiments 

•  Results 

•  A  controversial  suggestion . 

•  Discussion 

•  Conclusion  (confusion?) 


Potassium  niobate  as  a 
photorefractive 

•  High  trap  density 

Allows  efficient  counter-propagating  gratings  to  be  written 

•  High  sensitivity 

%  Fast  response  times 

•  Broad  spectral  response 

400nm  -  ~700nm  (with  Fe  doping) 

400nm  -  >700nm?  (with  Ni  doping) 

•  Difficult  to  grow  reproducibly 

^  Program  under  way  to  fix  this  (looks  very  promising!) 


Experiment 


•  Self-pumped  two  beam  coupling 
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Theory 


•  Optical  fields 

Et  (z,  f)  =  ^  At  (z,  0  exp  i(-kz  -  ax )  +  c£ 
Ep{z,t)  =  ~  Ap  (z,t)exp  i(+kz  -cot  )  +  c£ 

dK 

dt 


Intensity  fringes 

'  aX 


/(Z,f)  =  (/,  +  /,)  exp(2ifa)+c.c. 


dn  __ dN*  1  dJ 


+ — 


dt  dt  e  dz 


J  =  eflnEtc  +  flksT  ^-+sl(Nd~N*)eS 
dz  v  * 

e,~£  =  e{N;-N;-n) 


J 


(Kiev  group/Kukhtarev  material  equations) 


^  *f  N  iktetfy  WHqrtng  of  Wm  rtwrfrte  Mite 

Theory 

9 

•  Solving  the  Kiev  group/Kukhtarev’s  equations  for  the  space 
charge  field  gives: 


a  3E, 


•  Where: 

V'A 


..to.  dt 


— +bE.  +cm  =  0 


^ j  1  ^ ^  ^Erasure 

E  E 


exp  (-i». 


U  =£,YrHJefis(lp+I,+IEtaanWd-N') 
InkJ 


E,=: 


eA 


E t  X 


C  =  E0  +  E  +iEd 


E'HNJN^ 


E'=(l-NJNd)eNJ2k£t 
E„  =  7rN;Siji 
E„  =  yrNJ(fjK) 
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Theory 


•  The  space  charge  field  modifies  the  refractive  index  through 
the  linear  Pockels  effect 

•  Substituting  the  modulated  index  into  the  optical  wave 
equation  gives  the  coupled  equations  for  the  intensities  and 
phase: 


—  ^  4iTlm(E„  exp (») 


dz 

31. 


-  +al  — 


X 

2ftn3r 


dz  X 

dtp  K  nV#  (/-/,)  ,  u 

= — xJlfi — Rc(£-cxpM) 


3z 


Theory 

•  In  steady  state  the  space  charge  field  and  coupled  equations 
reduce  to; 


EAz)  = 


-(E0  +  iEd  +Eft)m(z) 


1  +  3l-| 


NE 


e,  ~nte~ 


di 


q  \  q  d  q  J 


V- 


-r- 

!p+r,+IE^e 


^L=+ais-r 

dz 


i A 


f  p  ^  i  I  Erasure 


Where 


T=^r^lm(Es) 
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Theory 


Piezoelectric/photoelastic  contributions1-2 

rf  =  rlA  + 

A*  =ciAA - 


n  a  a 

B,=%nknj 


is  the  clamped  EO  tensor 

S'  E 

Pijki  is  the  effective  elasto-optic  tensor 

Scalar  effective  EO  coefficient: 


Cljld  is  the  elastic  stiffness  tensor 
^  is  the  piezoelectric  tensor 


reff=np  W  HS 

1)  ML  Zgonfk.  K.  Makagawa,  P.  Gunter,  “Electro-optic  and  dielectric  properties  of  pfrotcrefractive  BaTi03  and  KNbOS*.  J.  Optical 
Society  of  America  B,  vol.  12,  no*  0,  pp  1416-1421,  1995. 

2)  M.  Zpordk.  R.  Scfttesser,  I.  Biaggio,  E.  Voit,  J.  Tsdieny,  P,  Gflnter,  'Materials  constants  of  KNtOS  relevant  tor  electro-  and 
acousto-optics',  J.  Apptied  Physics,  vol.  74,  no.  2.  pp  12S7-1297,  1993. 


Theory 

•  No  closed  form  solution  to  the  coupled  equations 

•  Numerical  solutions  only 

•  For  self  pumped  two  beam  coupling  the  boundary  conditions 
are  known  only  for  the  pump  input 

•  Iterative  shoot  and  match  methods  are  required 
ipm 

#  w 


Off-axis  concept 


•  Optical  gain  is  potentially  much  higher  away  from  the  c-axis 


*  c-axis  is  best  for  Fe:LiNb03  owing  to  the  huge  PV  effect 

•  The  same  is  NOT  true  for  Fe:KNb03 


Off-axis  effective  electro-optic 
coefficient 


Beam  axis  rotation  about  the  c-axis: 


reff  is  zero  for  all  polarizations 
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Determination  of  r  and  I 


Erasure 


Crystal 


Pump  beam 
polarization 

© 


F  =  4 1 50mm  lens 


Photodiode 


V 

Determination  of  r  and  IErasure  ^ 

Na  (conventional)  =  2.1x1 0t6  cm  3 
Na  (piezo)  =  5.0x1 01 6  cnr3 


Measuring  the  off-axis  gain  in 
contra-directional  Fe:KNbO* 

yim  1 1 1 at yf^nwBtT^aa&apgwaiir^r-iiTig^ta^^i 


Experiment: 


Off-axis  gain  results 


Na  (conventional)  —  2.1x1 0ie  cm4 
NA  (piezo)  -  5.0x1 016  cm1 


Styrofoam  blocks 


Glass  cell 


Rotation  stage 


Support  platform 
with  clearance  hole 
for  magnet 
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000  Experiment 
- —  Conventional  theory 
- — -  Piezo/photoelastic  theory 
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A-G  plane 


A  controversial  suggestion.... 


ij. 


Pump  powwc  [W} 


*  Repeat  previous  measurements  of  r  and  IErasurt  for  all  crystal 
angles 

•  Calculate  the  effective  trap  density  for  each  crystal  angle 


"Conventionaf  tran sm tssioiVref lection  grating  method  cannot  be  used  reliably  for  trap  density  measurements 
owing  to  admittance  angular  restrictions  at  targe  crystal  angtes  and  competition  from  rear  Fresnei  reflection. 


V  Theory  modified  for  apparent  trap  |5I 

density  variations  ™ 


V  Theory  modified  for  apparent  trap 

density  variations 
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Discussion 


•  Trap  density  anisotropy  has  no  physical  meaning  unless 
the  grating  spacing  is  greater  than  the  mean  trap 
separation  (which  it  isn’t) 

•  An  effective  trap  density  is  possible  if  the  charges 
“remember”  the  original  polarization  state 

•  Delocalization  of  charges  should  randomize  the  charge 
state  (can  they  “remember”  the  exciting  polarization?) 

•  Rule  out  electron-hole  competition  (gain  does  not  reverse  with 
grating  spacing) 


Summary 


•  High  gain  confirmed  in  off-axis  geometries  for  Fe:KNb03 


•  Mismatch  between  theory  and  experiment  for  mid-range 
crystal  angles,  especially  for  the  a-c  plane 

•  Large  apparent  variation  in  the  effective  trap  density  with 
crystal  angle 


•  Modified  theory  gives  a  good  fit  to  experimental  data 

•  Mechanism  for  trap  density  anisotropy  is  unclear 


